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T6m tit- Trong bai bao ndy, chung toi d& xuat mé hinh
mang no ron sau dé dy doan cong suat tdi wu ngudn phat
cua hé thdng truyén tin géi ngin qua mat phan xa théng
minh pht hop yéu cau uRLLCs. Pau tién, ching tdi dan
ra biéu thuc xap xi ti 16 16i khéi qua kénh truyén fading
Rayleigh. Dya trén biéu thuc ti 18 16i khéi, ching toi tao
tap dir liéu cho qua trinh huan luyén mang no ron sau va
tién hanh kiém tra két qua du doan véi mot tap kiém thir
bat ky. Cubi cung, dé danh gia chat lwong du doan cua mo
hinh mang no ron, ching t6i dua vao phuong phap danh
gi& 15i trung binh binh phuong gbc (RMSE). Két qua cho
thay rang RMSE nho (khoang 107%) va gia tri nay cang
giam khi tang sb luong mau kiém tra.

Tir khéa- ky thuat hoc sau, mat phan xa thong minh,
fading Rayleigh, ti 1¢ 13i khéi, truyén théng gdi tin ngan.

l. GIOI THIEU

Trong tdm cua mang truyén thong khong day thé heé
thir nam (5G) va mang khong day thé hé tiép theo (6G) l1a
cung cap dich vy déng tin cdy cho cac ang dung khac nhau
Vi muyc tieu thiét ke sao cho thong lugng cao, giam do tre
dau cudi va két néi nhiéu thiét bi [1, 2]. Do d6, giao tiép
cuc ky tin cay va do tré cuc thap (uRLLCs) duogc xem la
yéu cau chinh can dat duoc cua cac hé théng mang khong
day thé hé mgi nham hd tro cac ng dung moi vat két noi
mang (loT) nhu ty dong hoa cong nghi¢p, giao tlep
phuong ti¢n két n6i moi vat (V2X), thuc té 4o (VR) va
thuc te tang cuong (AR) [3]. Dich vu URLLCs yéu cau
nghiém ngat ca ve d¢ tin cay cuc cao (99. 9999%) va do
tré phai cuc thap (1ms) [4]. DBé dap tng yéu ciu cao veé

dg tin cay va do tre thap trong uRLLCs, phuorng thuc giao
tlep qua g6i tin ngin dwoc xem nhu 1a glal phap tiém ning
va chi duoc hd trg trong cac hé¢ thdng giao tlep khdng day
thé hé moi [5, 6]. Cuthé, cac nghlen cltu gan day cho thay
su cdi thign vé do tin cay va giam do tré cua hé thong giao
tiép qua goi tin ngan trong mang chuyén tiép cong tac [7-
10]. Hon nita, gan day cac nha nghlen ctru con cho thay
kha nang cdi tien hi¢u nang va giam do tré khi nghién ctu
truyén goi tin ngan két hop mit phan xa théng minh (IRS)
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[11, 12]. So véi mang chuyén tiép cong tac AF va DF thi
chuyen tiép qua IRS cai thi¢n hi¢u nang hé thong [13], mo
rong vung pho (tuc khoang céch truyén va nhan tin hiéu
tir ngudn dén dich duéi sy hd tro cua IRS lén hon so véi
khoang céch t[uyer] va nhan tin hi¢u gifra ngqon va dich
qua‘nUt chuyen ticp), va tiet kiem cong suat phat ctua
nguon hon do IRS chi don thuan phan xa thu dong tin hi¢u
ma khong can bé sung cong suat [14, 15]. Hién nay, dé
dam bao chat luong dich vu cao (QoS) va do tré nghiém
ngat ciia uRLLC dép tng yéu cau dich vu cta cac hé thong
mang tuong lai, hoc sau (DL) dugc cOng nhan la mét giai
phap kha thi dé gidi quyét nhiéu dé thuc té, chang han nhu
du doan hiéu suat mang, kiém soat tac ngh&n, quan ly hang
doi va phan bd tai nguyén cho hé thong IoE [8]. Dac biét,
mot mo hinh cua hoc sau la mang no ron séu (DNN). Day
la mot trong nhitng mo hinh DL tiém nang duoc quan tam
de giam thiéu do6 phuc tap tinh toan va dé dap ing cac yéu
cau thoi gian thuc cua cac hé thdng mang trong twong lai
[16].

A. Cac nghién cuu lién quan

Gan day, cac nha khoa hoc di cho thiy sy cai thién
hiéu nang va giam do tré cua giao tiép g6i tin ngin nhu
trong cac bai bao [7-10]. Trong [71, cac tac gia chung to
SO Voi truyen g6i tin dai thi truyén goi tin ngan qua nat
chuyén tiép dat do tin cay cao hon khi xét & trang thai kénh
truyén hoan hao va dat biét hiéu nang vuot troi & giao thuc
giai ma va chuyén tiép (DF) nhu trong [8]. Tiép tuc, bai
bao [9] cho thiy db tin cdy cao cua ky thuat lya chon nit
chuyén tiép ban phan (PRS) dé truyén géi tin ngin trong
hé théng chuyén tiép DF. O bai béo [10] hé théng da anten
duoc thiét ké & ngudn thu va giao thic ti s6 két hop cuc
dai (MRC) dugc su dung nham dat d6 phan tap cao, cai
thién hi¢u nang truyén goi tin ngén cua hé théng chuyén
tiép DF. Bén canh do, gan day mat phan xa théng minh da
duoc chang minh 1a mét bién phap hitu hiéu cai tién higu
nang hon han mang chuyén tiép. Cu thé, bai béo [13] cho
thdy hiéu nang va do lgi phan tap cia mang chuyen tiép
gua mat phan xa thong minh cai thién hon chuyen tiép qua
nat chuyén tiép DF. Dic biét, chuyén tiép DF ¢6 do loi
phan tap cao hon chuyén tiép AF trong truyen tin goi tin
dai. Béi vai truyén thong tin goi ngén c6 sy ho tro cua mat
phan xa thong minh ciing dat duoc sy cai tién vuot bac. 0
bai béo [11], c4c tAc gia dd ching minh duogc truyén tin
g6i ngén qua mat phan xa thong minh dat dwoc do loi phan
tap cao hon hé thdng chuyén tiép DF véi cling cong suét
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ngudn phat. Hay bai béo [12] cho thay truyén goi tin ngan
qua IRS két hop véi cong nghé NOMA ¢6 hiéu ning vuot
troi hon so vai két hop gitra IRS va cong ngh¢ da truy nhap
truc giao (OMA) dé truyén goi tin ngan.

Hién nay, mac du nghién cau truyén goi tin ngan qua
IRS dugc cac nha nghlen ciru quan tam, tuy nhién so6
luong bai bao van con khé han ché. Hau hét, céc tac gia
chu yeu tap trung phén tich sy anh huong cua hi¢u nang
hé thong qua ti so 15i kh0| (BLER) vao cac tham s6 nhu
cong suat nguodn phét, sé yéu té phan xa va do rong phd.
Vin dé ton tai khi nghién ctiu truy;n go[tln ngan qua IRS
trong céac hé thong mang 5G va the h¢ tiép theo la lam sao
dam bao duoc ca hai yéu cau vé do tin cay cao va do tré
cuc thiap URLLCs. Tirc 1a tim 1oi giai cho bai toan tdi uu

hé thong sao cho phai dam bao dugc BLER <107°va d6
tré nho hon 1ms . Diéu nay kho co thé giai quyét bang
phuong phap s thong thudng vi ham muc tiéu cho bai
toan tbi uu thuong phuc tap va khong 16i. Mat khac, gan
day ky thuat hoc sdu (dac biét mang no ron sau) da duoc
cdng nhan & md hinh hi¢u qua dé giai quyét cac thi thach
URLLCs trong mang khong day thé h¢ méi [17] va cac h¢
théng 10T [18]. Cu thé, cac tac gia trong [19] de Xuat
phu’ong phap hoc sau dé du doan su phan bd ngudn tai
nguyén va Iap lich truy cap uRLLCs cho h¢ thdng truyén
goi tin ngan. Bai bdo cho thay phuong phap hoc sdu mang
lai két qua dy doan chinh xac va thoi gian thyc hién ngan
ph hop y&u cau do tré thuc cua hé thdng 5G. O bai bao
[20], cac tac gia nghién cau ky thuat hoc sau du doan
BLER va thong lugng truyén gdi tin ngan trong hé théng
mang nhan thire 10T da truy nhap khdng truc glao Bai bao
chang t6 két qua dy doan tir DNN c¢6 do chinh xac cao va
do tré thap hon so vai cac phuong phap khac, dac biét 1a
md phong theo Monte Carlo.

B. Ddng gdp chinh cua bai bao

Dua trén wu diém vuot troi cua ky thuat hoc sau va mat
phan xa thong minh trong truyén tin 90| tin ngan nham dap
ring yéu cau cuc ky nghiém ngit ve d6 tin cay va do tré
cua hé thong URLLCs cho mang khong day thé hé twong
lai. Bong gop chinh cua chlng toi trong bai bao duoc liét
ké nhu sau

e Diu tién, chang t0i d& xuat mé hinh truyén
thong tin gdi ngan co sy hd tro cia mat phan xa théng
minh. Tir mé hinh d& xuét, ti s 18i khéi dang chinh
xac dugc dan ra dé danh gia hiéu ning cho hé thing.

e Thu hai, chung t6i daé Xuét mo hinh mang no ron
sau DNN dé udc luong cong suét phan bo nguon phéat
cho hé thong da dé xuat sao cho dat yéu cau uRLLCs.

e Cubi cuing, chiing t6i dé Xuat phuong phép danh
gla 16i trung binh binh phuong gbc (RMSE) dé danh
gia két qua du doan ciia md hinh mang DNN. Qua do,
két qua cuia bai béo cho thay dugc sy cai tién vuot troi
cua phucmg phap hoc sau dwa trén md hinh DNN vé
d6 chinh xac va thoi gian thuc thi hé thong.

V& céch trinh bay, bai bao dwoc phan bd nhu sau.
Phan I s¢ trinh bay md hinh cua h¢ thong mang
chuyen tiép qua mat IRS va danh gia hi¢u nang hé
thong qua BLER. M6 hinh mang DNN, cach tao tap
dir ligu va phuong phép danh gia cho md hinh mang
dé xuét dugc trinh bay trong Phan I11. Phan IV, chung
t6i minh chtng su cai tién caa mo hinh mang dé xuét
qua md phong Matlab. Cubi cung 1a phan két luan cua
bai bao.
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Il. MO HINH VA BDANH GIA HIEU NANG HE
THONG

A. M6 hinh

A
Bo diéu khién

)
&

Dich ([J
Vit can I ( )

Ngudn (u)
Hinh 1. M6 hinh truyén géi tin ngdn qua mét phan xa
théng minh.

Mb hinh hé théng truyen goi tin ngan qua IRS duoc
mo ta qua Hinh 1. Hé thdng bao gdm mat nguon phat séng
(S) mot ngudn nhan (D) va mot IRS bao gdm N phan
tir phan xa thu dong. Gia su rang nguon S va dich D st
dung mot ang ten dé truyén va nhan tin higu. 0 day, chung
toi cung g1a sir rang khong co duo’ng truyén tryc tiép giira
nguon va dich do vat cén tir m6i truong. Hon nira, kénh

truyen gilta ngudn va dich 1a kénh Rayleigh fading béan
tinh phang.

Boi vi IRS hoat dong nhu mdt by phan xa thong minh,
do do IRS co thé phoi hop, trao doi thong tin trang thai
kénh tir ngudn va dich thong qua b diéu khlen khong day
[21]. Tt d6 IRS co the diéu chinh pha cua tat ca phan tir
phan xa sao cho ti sO tin hiéu trén nhiéu nhan tai dich dat
16n nhat [22]. Mit khac, do suy hao tin hiéu dang ké nén
ching t6i bo qua tin hi¢u phan xa trén IRS tir hai lan tro
18n va chi xét tin hiéu phan xa mot 1an [23]. Tin hi¢u nhan
tai dich D duoc biéu dién nhu sau:

N
yD:\/E|:;hrigi:|XD+nD' @
iz

v6i P 1a cong suat phat ciia nguon S , X 1a tin hiéu
can truyén dén dich D, n, 1a nhidu Gauss tring cong
(AWGN) v6i trung binh 0 va phuong sai N,. Hon nira,
= e 13 hé sb phan xa duoc tao ra boi yéu td phan xa
tha i trong IRS ( =1,2,.,N) [13] va ¢ la do dich
chuyén pha cia yéu to phan xa thiri trong IRS. K¢ tiép,
h Va g, la h¢ s kénh truyén tirnguén S dén yéu t phan
xa thir i trong IRS va tir yéu t6 phan xa thir i dén dich D
, tuong ng.

h = dliWZO‘ieijgi ) 3

=d,"* e, ©)
VvOi o, VA B ; 0,VA ¢, lan luot 1a bién d va do dich pha
cuahésd kénh h,va g, ; d; va d, 1an lugt 1a khoang cach
tr nguén S dén IRS va tir IRS dén dich, tuong umg; v 1a
hé so suy hao duong truyén. Chung toi cung gia su hé

thong giao tiép dugc xét trong truong gan, nghia la
khoang cach giita ngudn hodc dich dén chinh giita IRS nho
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2
hon % , vOi L kich thude cue dai cia IRS va A 1a bude

song cua tin hidu truyén [24].

Tir (1), ti s6 tin hidu trén nhidu (SNR) tirc thoi thu
duoc tai dich D dugc xac dinh nhu sau

 i4-6-0)

7o = VAV :
? dl dz No (4)

O day, IRS chon goc dich chuyén pha ¢ =0 +¢ sao
cho SNR trong (4) dat gia tri 16n nhét [24] . Do d6, (4) c6
thé duoc viét gon lai nhu sau

Vo =Z%7, )

__ P
v6i Z= zd dvvé =N la SNR trung binh.
0

Theo [Pinh 1y 1, 13], tir (5) ham mét do xéc suat (PDF)
va ham phan phoi tich liiy (CDF) cua y c6 dang nhu sau

1 ( ]exp( \/—7]

f,(r)=

(e
(6)
va
Wf(aJrl,1 Zj
£ )
T PV
G ()
0 F(a+1,b\/;j
=1-— "/
I'(a+1)

véi (i) 1a phép rat gon sir dung [25, CT(8356.3)]; ham
gamma va gamma khong hoan chinh can trén dugc dinh
nghia theo [25, CT(8.310.1)] va [25, CT(8.350.2)] nhu sau

I(a)= Te’tt“’ldt. (8)
J
I(a,X)= Te’tt“’ldt. 9
va cac tham s6 X
a=g§—L (10)
b= g—lz, (11)
= N” dzw (12)
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N b
S =— |1-2_1| 13
2 d;d;[ 16j (13)

B. Pdnh gid hiéu ning hé thang

Trong phan nay, ching toi st dung thong s§ ti 18 16i
khdi dé danh gid hi€u ning cua hé thong truyén tin goi
ngan qua IRS.

Chung t0i gia str h¢ thong truyén & ching tha X,
truyén g bits théng tin quak kénh sur dung (k >100) véi

toe do truyén R, :ﬂ_x VA c6 ty 16 SNR 7y .

Theo nhu trong [26, CT(59)] va [27, CT(4)] , ti 1¢ 16i
khéi trung binh BLER xép xi & ching tht X dugc din ra

nhu sau
- {MJ s
0 (]/X )/ k

véi C (7x ) =log, (1+ Vx ) la dung luong kénh

QO

Shannon,V (7 ) [1— 5 ](log2 e)’ 1a do phan tan

_1
(1+7y)

kénh truyén, Q' (.) 1 nguoc cua ham Q-function véi

(x) ( Jdt [28], f, (7) lahammatdo

J_jexp

X4C suat cua Jy . Bé don gian trong viéc tinh toan, chiing
t6i str dung x4p xi ciia ham Q () theo [29, CT(14)], cu thé

nhu sau
C(rx)—Rx
QL%]U ¥ (74 ),
voi
1 7x S P
W () =105-Wk (% =0), o <¥x <pu
0, Tx Z P
(15)

véi v=[2;z(22Rx —1)]”2, 6= 1,

va
Py = oy \/— pL= Ty \/—

Bing cach thay (15) vao (14) va thuc hi¢n phép lay
tich phan tung phan, ti I¢ 16i khoi trung binh BLER thu
duogc nhu sau

g =wk j F.(7)dy. (16)

Thay (7) vao (16), ti 1¢ 18i khoi toan trinh cia hé théng
chuyén tiép qua IRS thu dugc nhu sau
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E:VJFT F ()d7,

AL

o -~ )]

véi ham A(y) dugce dat nhu sau

a+2 —=
7/ eb y

A()/):% 72r(a+ #]W

—("";z)zr(au,L_J . (18)
(1 oy
by

V6i muc tiéu hudéng dén cua hé théng 1a c6 tl}é dap
tmg dich vy uRLLCs, do do6 ching t6i quan tdm dén van
d¢ toi uu cong suat phan bo clia nguon sao cho dat toi wu.
Bai toan toi uu cong suat dugc viet dudi dang nhu sau

min ¢(P)st.P<P, (19)
voi B la téng cong sudt phan bd cho ngudn phat.

Tu (17), ta nhan thdy ham muc tiéu ¢(P) 1a ham
khong 16i. Djéu nay dan dén bai toan t\(‘)i uu trong (19)
cling khong 161 va kho c6 thé giai dugc bang phuong phap
léy dao ham riéng. Dé giai quyét kho khan nay, ching toi
dé xuat ky thuat hoc sau dua trén co so xay duyng mang no
ron sau DNN duoc trinh bay trong Phan II1.

. MANG NO' RON SAU

Trong phan nay, ching t6i dé xuit mang DNN dé giai
quyét van dé trong (19), tirc ude luong cong sudt ngudn
phét P ctia hé théng dudi diéu kién rang budce ti s6 16i khdi
BLER <107 phu hop yéu cau dich vu uRLLCs [30].

A. M0 hinh mgng DNN

Mb hinh mang DNN gém mét 16p vao, mot 16p ra va
L—116p an duoc trinh bay qua Hinh 2. Lép vao chita mot
neuron tuong tng voi mot nut chi tham so ¢ . Beé co dugce
tham s & ndy, chung t6i sir dung cac gia tri duogc liét ké
nhur trong Error! Reference source not found. dé tinh &
thdng qua cong thirc (17). O 16p ra caa mo hinh chira mot
neuron tuong (mg véi ndt cong suét phat ciia ngudn P .

Bang 1. Gia trj cac tham sé tinh BLER.

Tham Gia tri Tham s6 Gia tri
i)
v [-10dB,19dB] k 200CUs
N 4 14 2
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256 bits

Céclép &n Lépra

Hinh 2. M6 hinh mang no ron séau.

Tiép theo, dé hiéu rd hon vé mo hinh mang DNN
ching toi gia st ring md hinh chira L—116p an. Mdi 16p
4n | voi 1 =1,...,L—1c6 chira Q" no ron va nhan ham
kich hoat Sigmoid. Ham kich hoat trong mang no ron
duogc hiéu 1a ham anh xa cac dau vao cua mot nit véi dau
ra twong tng [31]. Ham Sigmoid c¢6 nhiéu wu diém ndi troi
hon so véi cac ham kich hoat khac nhu tinh toan don gian
va t6i uu dé dang, tranh dugc van dé dao ham vo cung nho
tai cac 1op no ron dau tién trong qua trinh lan truyén ngugc
(vanishing gradients) [32].

Paura y(') cualép thr | ctiamo hinh DNN duoc tinh
nhu sau [16, CT. (13)]

Y = g0 (Wiy ) +p0), (20)

véi gl (x)= 1 17X 1a ham kich hoat, w1 trong s&

vab" ngudng du kién cua cua Iop thir | . Duya va (20),
gia tri dau ra P c6 thé duoc tinh nhu sau

P=G(5Q), (21)

véi G(.)1a ham chua biét va hoc duoc clia mang

DNN:; ¢ la vecto diu vao va

QL {W(I), b('), 1=1..., L—l} 14 tap hop cac tham s
va trong s ctia DNN.

Pé tao duoc mang DNN chung t6i tién he‘mh’hai giai
doan dya vao md hinh hoc sau gdom giai doan huan luyén
va giai doan du doan nhu Hinh 3.

Trong giai doan huén luyén, mang st dung thuat toan
t6i wu nhu Levenberg- Marquardt algorithm (LMA). LMA
la mét trong cac thuat toan téi wu pho bién trong huan
luyén mang no ron va ¢ toc do hoi tu nhanh [33]. Chling
t6i chon LMA dé toi uu cac tham so cua mé hinh dua vao
tap dir liéu huin luyén trong sudt qué trinh hoc ngoai
tuyén. Dong thoi, mang trai qua qua trinh lan truyén ngugc
ting budce xac dinh ham mét mat, d6 léch va cap nhat cac
trong soO.

Sau khi két thac qua trinh huén luyén, mang DNN
dugc tao ra va cé thé dugc sir dung cho du doan truc tuyén
thong qua qué trinh dy doan bat cr khi nao co thong tin
méi ¢ dau vao. Vi toan bd giai doan huan luyén dién ra
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ngoai tuyén, mang thlet ké c6 thé g1am dang ké do phuc
tap tinh toan, chi phi trién khai va thoi gian thyc hién [34].

_— e “\
(Tinh BLER & )—>[ Giati |

[ (Cho cacgia trl‘
. (Bang1) )
- \ M8 hinh DNN ‘
Gia tri P }—» [g,P]
/

i |

| _Giaidoanhudnluyén *l ]

Mo hinh DNN

Gii tri & vao Dy dodn tir £ —>‘ Gi tri dir dodn P ‘

\ J vao \

% Giai doan dy doan

Hinh 3. C4u trlc cda céc giai doan dw doan va huén
luyén cda m6 hinh hoc sau.

B. Tao lap dir li¢u

Trong phan nay chiing toi trinh bay céch tao ra tap dix
liéu cho qua trinh huan luyén mang DNN. Pau tién, ching
toi sr dung cac gia tri nhu trong Error! Reference source
not found. dé tinh gia tri BLER & dwa vao phuong trinh
(17). Bé dam bao yéu cau dich vu uRLLCs, chdng t6i chon
BLER ¢=[10"-10"] 1am bién diu vao cua cac miu
huan luyén j trong tap dir lieu M cua mang DNN va
duoc tao ddng nhit dua trén kich thuéc mang. Tap dir liéu
duoc taoM  gdm céc vecto dic trung dau vao BLER &)
va dau ra cong suét phat P, tuong ing. Tap dir liéu c6
thé duoc bidu didn nhu [¢”,PY], j=1,..,M .. Trong md
hinh cua chdng toi, tap dir Ii§u duoc tao ra c6 2060 mau yé
dugc chia 70% cho tap huan luyén, 30% con lai chia déu
cho tap danh gia M, va tap kiém thi M

val tes *

C. Pénh gi¢ RMSE

Sau khi hoan thanh qué trinh huan luyén, mé hinh mang
DNN dugc tao ra thong qua mot ham anh xa G (&;Q) . Tur

ham G nay, qua trinh du doan gia tri P bét dau thuc hién
vé6i bat ky bién dau vao & . Chi y rang gia tri bién & thugc
tap dit lieu M . D& danh gia tinh hiéu qua cua md hinh
mang DNN, chiing ti sir dung phuong phap danh gia 15i
trung binh binh phwong goc (RMSE). Theo thdng ké hoc,
phuong phap RMSE 1a mét trong nhitng phuong phap hiéu
qua dé do do sai léch giira nhirng gié tri du doan va gia tri
thuc tién [35]. Phuong phdp RMSE dya trén mo hinh DNN
cua ching tdi duoc biéu dién qua ham A nhu sau

A:\/Ml '\f(p(i)_lﬁ(i)), (22)

tes j=1

voi PWva pUlagiatri cong suat mong mudn (ttc gla
tri huan luyén ban dau) va cong suét du doan dwoc tir md
hinh DNN.
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Ta dé ¥ rang gié tri Ati ¢ nghich véi tap mau kiém tra
M, (tic sai s6 Acang bé khi M cang tang). Hay noi

cach khac mac do woc luong két qua caa mé hinh DNN
cua ching ta cang tin cay khi A cang nho.

tes

IV. KET QUA MO PHONG

Trong phan nay, chiing ti trinh bay cac két qua md
phong de cho thay hiéu qua cia m6 hinh mang DNN da de
xuit qua phan mem md phong Matlab. Gia sit mé hinh
truyén goi tin ngan dwoc xét trong khdng gian 2D vdi toa
d6 cua nguon S, IRS va dich D 1a (0,0), (1,0) va (2,0)
tuong (ing. Tiép theo, chiing t6i sir dung cac gia tri tham s6
dé tinh BLER nhu gid tri trung binh SNR
7 =[-10dB,19dB] , s6 yéu té phan xa N=4, céc
khoang cach d, =d, =1m, chiéu dai gi tin k = 200 CUs
, sb bits thong tin B = 256bits duoc liét k& nhu trong
Error! Reference source not found.. Ching t6i nhéc lai

. - P ~ . .
rang ¥ =N— voi mat d§ nhieu N, dugc chuan héa bang
0
1. Do vay gié tri cong suit phat P trong phan mé phong
nay dugc xem nhu ciing chinh 1a gia trj trung binh SNR.
Céc thdng s6 cho qUa trinh huan luyén mang DNN
duoc thiét 1ap gom so6 no ron trén moi I6p chtal00 no ron,
téc do hoc 107 va chu ky huin luyan1000 epochs. Pac
biét, ching toi tao duoc tap dir lieu 2060 gia tri va chia
theo ti t¢ 70% cho qua trinh huan luyén, 15% cho danh
gid va 15% cho dy doan két qua.

Sau qua trinh huan luyén va tao mang DNN, chdng toi
thu dugc cac ket qua thong qua md phong minh hoa trong
cac hinh tir Hinh 4 dén Hinh 5.

Dau tién, ching toi trinh bay sy anh huéng cua cong
suat phat P vao BLER hé thong qua md hinh mang DNN
& céc 1op an lan luotl,2,4 va 10 16p nhu trong Hinh 4.
Quan sat hinh ta thdy rd ring BLER cang giam khi ting
cdng suat phat P & truong hop Iy thuyét (duong lién nét)
va truong hop du doan tir DNN (cc duang nét cham). Bic
biét, dudng mo phong két qua dy doan tir DNN khép hoan
toan vai két qua ly thuyét & s6 16p an tir 4 va 1016p. O
cac Iop an I6n, cong suét tang thi BLER cang giam dan. Ta
biét rang mang DNN véi nhiéu 16p an thi kha nang tao
duoc tap dir liéu 16n dan téi cdng sudt mang s& cao. Con &
m6 hinh mang DNN 1 I6p khong thé hoc cac mau phuc
tap trong mot tap dir liéu co sé chiéu I6n [36].

Cu thé, két qua dy doan cua md hinh DNN tir 2 16p 4n
tr di gin nhu trung nhau. Tuy nhién, ta can phai can nhéc
viéc chon lya s6 16p an vi s 1p an cang lén thi dé gay ra
hign tuong _qua khép vei di ligu huan Iuyen (overflttmg)
Diéu nay d& dan dén két qua khong chinh xac trén tap kiem
tra. Hon nita, Hinh 4 ciing cho thay rd hé thong thoa diéu
kién t6i wu nhu trong (19) thi cdng suat phat phai dat

P>12(dB).
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P =12dB, BLER = 1,2.107°

BLER

Ly thuyét
#  DNN il 16p dn
A DNNvé6i 2 16p 4n
DNN v6i 4 16p an
O DNN véi 10 16p 4n
| |

107

Hinh 4. Sw dnh hudng cong suét dw doan P so véi
BLER qua md hinh mang DNN.

Tiép theo, chiing toi danh gia do tin cay cua mo hinh
mang DNN thong qua chi s6 RMSE nhu trong Hinh 5. Tur
Hinh 5, ta thiy ring RMSE phy thudc vao so s6 mau kiém
tra M (chy M thugc tap kiémtra M, ) . Cu thé, sb mau
M cang tang thi RMSE cang giam. Diéu ndy hoan toan
phu hop véi ly thuyét theo (25). Hon nita, ta cling thay
rang gia tri RMSE & 1 16p cao hon ¢ cac 16p 16n hon. Do
d6, két qua du doan tir DNN cua 1 16p s& kém tin cay hon
& cac 16p cao hon. S 16p cang tang thi d¢ tin Cay cang
cao, tic RMSE cang giam. Béi vi khi s6 16p an qua nhiéu
thi trong qua trinh huan luyén mang dé xay ra hién tuong
mét dao ham (vanishing gradient). Trong qua trinh huén
luyén, gia tri dao ham la thong tin phan hoi cua qué trinh
lan truyén nguoc. Gia tri nay tré nén vo cung nho tai cac
I6p no ron dau tién khién cho viéc cap nhat trong sé mang
khong thé xay ra.

y ‘ ‘ . ‘ ‘ : ‘ o
——216p
416p
——1016p k
g
m-zM
)

RMSE

1\\\*“‘_‘_‘\
.
10

0 L L L L L L L L
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Hinh 5. Anh hwéng RMSE vao s6 mau kiém tra M va
so lop an.
Qua d0, ta thiy rang de ket qua dy doan dat dugc do
tin cay cao thi pha1 tang sb mau thir va chon s6 Iop an phu

hop. Tuy nhién, viéc tang s6 16p an can phdi can nhac vi
s& anh huong dén thoi gian thyc thi hé thong thdng qua

Chung ta c6 thé thay duoc rang thoi gian thuc thi cua qua
trinh du doan qua k¥ thuat hoc sdu dwa vao mang DNN
cuc ky ngan so vai md phong qua trinh tinh toan ly thuyeét.
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Tuy nhién, s 16p an cang lon thi thoi gian thyuc thi mo
phong ciing ting theo. Do véy, dé dam bao yéu cau do tré
cua dich vu URLLCs (£1ms), 16p an téi wu thuc thi caa
h¢ thdng mang truyén goi tin ngan cua chung t6i duoc
chon 1a 4 16p an.

Béng 2. So sanh thoi gian thyre thi mo phdng ly thuyét va
mang DNN cda hé thdng.

Loai Thoi gian thuc hién
Ly thuyét 1.712116 (s)
DNN- / i6p 0.00627 (s)

DNN- 2 i6p 0.00703(s)

DNN- 4 lop 0.007707(s)

DNN-10 Iép 0.017568(s)
V. KET LUAN

Trong bai bao nay, chung t6i da dé xuét ky thuat hoc
sau, dya vao mo hinh DNN dé du doan cong suét tdi vu
cho ngudn phat sao cho dat uRLLCs cho hé thdng truyén
g6i tin ngén qua mat phan xa théng minh IRS. Cac két qua
bai b&o cho thay dugc gia tri cong suat duoc dy doan tir
mo hinh mang DNN triing khop vai gia tri cong suét duoc
huén luyén & cac 16p an nhu 2,4 va 10 16p. Hon nita, gia
tri RMSE cang giam khi s6 mau kiém tra va sé 10p an ting.
No6i mdt cach khac, két qua du doan tr DNN dat do tin c@y
khi tang so mau kiém tra va tang s6 1ép an. Tuy nhién,
chung ta cin can nhéc khi tang sO 16p an qua nhiéu s& anh
huéng dén do tré cua hé théng do thoi gian thyuc thi hé
théng mang ting va giam dé tin cdy cua hé théng. Dé dap
g yéu cau uRLLCs 16p 4n ti wru cho hé théng cua ching
t6i dugc chon 1a 4 16p.
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DEEP LEARNING BASED THE TRANSMIT
POWER PREDICTION FOR INTELLIGENT
REFLECTING SURFACE-ASSISTED SHORT
PACKET COMMUNICATIONS

Abstract: In this paper, we propose a deep neural
network model to predict the transmit power of the source
for intelligent reflecting surface-assisted short packet
communications that meets the extremely high reliability
requirements of URLLCs. Approximated expressions of
the average block error rate (BLER) are derived over
Rayleigh fading channels, based on which a dataset is
created for the training and testing of the DNN. For
evaluating the improvement of the DNN, the root mean
square error (RMSE) method is ultilized. Simulation
results show RMSE significantly decreases when a
number of test samples increase.

Keywords: Deep learning, intelligent reflecting
surface, Rayleigh fading, short packet communications.
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